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PURPOSE 

A model study was made to determine the required depth of two 
vertical stilling wells for  the canal outlets at Wanship Dam. Each ~ well has corner fillets and a sleeve -type valve which seats an a 
pedestal located in the center of the well  floor. 

CONCLUSIONS 

1. A water depth of 9.3 feet, measured upward fro111 the top of the 
pedestal, is required for  smooth flow conditions in the Wanship 
Wells. These wells have corner fillets and operate at a maximum 
design discharge of 16 .7  cubic feet pe r  second under total design 
heads up to  118 feet relative to the top of the pedestal. 

2. A water depth of 11.8 feet, measured upward from the top of 
the pedestal, would be required for  smooth flow conditions if the 
Wanship Wells did not have corner fillets and were to be operated 
at the maximum design conditions. 

3 .  F o r  best results, the lower fillet slopes should intersect the 
corners of the well 18 inches above the floor. 
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INTRODUCTION 
b . 

Wanship Dam is located on the Weber River in Utah about 20 miles 
east  of Salt Lake City and about 1 - 1 12 miles south of the town of Wanship 
(Figure 1). The dam is a zoned earthfill structure with a cres t  length 
of 2,010 feet and a height of about 156 feet. Water storedin the Wanship 
Reservoir will be distributed through existing canals and ditches to 
supplement present irrigation supplies in the mountain valleys below 
the dam. In the future, some reservoir  storage will also be used to gen- 
erate electricalpower for the  operation of project works and for  sale to 
preferential customers. i 

t : 

The oiltlet works is designed for  amaximum discharge of 1,550 cubic 
feet per  second with the water surface at elevation 6049 and has provision 
for  releases into the Weber River, into the future powerplant penstock, 
o r  intothe East  Wanship Canal and West Wanship Ditch (Figure 2). 
The outlet works consists of an intake tower, a 1 2  -foot -diameter tunnel 
from the intake towerto the gate chamber, a 5- by 6-foot high-pressure 
gate, an 85 -inch-diameter steel  outlet pipe from the gate chamberto the 
control house, two 3 . 5 -  by 3 .  5-foot high-pressure control gates, a 
stilling basin, and a riprapped channel which is sloped to the riverbed. 
A 72 -inch-diameter pipe stub branches off the 85 -inch-diameter steel  
outlet pipe to provide flow to the future powerplant. Pipes of 24- and 
16 -inch diameter also branch off the 85 -inch-diameter s teel  outlet pipe 
to release irrigation water into West Wanship Ditch and East Wanship 
Canal, respectively. These smal ler  branch pipes terminate in vertical 
stilling wells (Figure 3). The flows in the 24- and 16 -inch-diameter 
branch pipes a re  controlled with sleeve -type valves which seat onped- 
estals located in the centers of the stillingwellfloors (Figure 4). 

A vertical stilling we1 ed to  be the most economical struc- 
ture  to dissipate the k the high velocity flow; however, 
there was little information regarding the dimensions required for  s,atis - 
factory operation. Therefore, studies were made with a hydraulic model 
ifi order to determine the required depth and placement of the corner fil- 
lets fo r  the two vertical stilling wells. Since both MTanship stilling wells 
operate under almost identical conditions, a model study of one well suf - 
ficed f o r  both. 

THE MODEL 

The studies were conducted on a 1:2 scale model of the stilling 
wells which included a 6 -inch supply pipe, an 8 -inch downspout, a 
pedestal, valve support brackets, corner fillets similar  to  those 
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of downstream chadnel ( ~ i ~ i r e s  5 and 8) .  T% well  w a s  repre- 
sented by a 3-foot-square plywood box. One side 'of the box was 
constructed f rom tongue-and-groove boards so that the side could 
be raised o r  lowered in a manner similar  to  stoplogs in  canal 
structures. This type of construction allowed the effective model 
depth to be varied between 3 and 5 .4  feet. A short reach of rec-  
tangular downstream channel was placed on top of the uppermost 
rrstoplog" and secured to the model supports with C-clamps. The 
purpose of this downstream channel section was to prevent draw- 
down of the water surface in  the model stilling well s o  as to  repre-  
sent the prototype canal. 

The Mechanical Branch designed a sleeve-type regulating valve 
which was used in the prototype (Figure 4). The prototype included 
a pedestal 1 foot high and 4 feet in diameter placed in the center of 
the stilling well. floor. The valve body was anchored to the pedestal 
by four 2 - 1 / 4-inch angle braces. These braces were connected 
from the perimeter of the pedestal to the body of the valve. In the 
model, four wooden angle braces were used to anchor the end ofthe 
downspout to the pedestal (Figure 6B). The valve openings were 
modeled by changing the length of the downspout. The length of the 
downspout was made adjustable i n  the following manner. The down- 
spout was constructed from two sections of 8-inch pipe. One sec- 
tion was fixed to the supply line and the other section was movable. 
A Dresser  Coupling flange was welded to  the fixed section of the 
downspout. The movable section of the downspout could then be 
telescoped about 3 inches into the Dresser  Coupling. Three bolts 
through the coupling were sufficient to insure a watertight seal  
(Figure 6A). 

Discharges in the model were measured with calibrated venturi 
meters located permanently in the laboratory. The pressure head 
in the model was determined with a direct-reading differential 
manometer (pot gage) connected to a piezometer tap placed in the 
6 -inch supply line. The total head at the pedestal was obtained by 
adding the velocity head in the downspout to the pressure head in 
the supply line and accounting fo r  changes in  elevation, a s  well a s  , 
losses due to  friction, bends, and an enlargement to the $-inch 
downspout. 

In this report all depths and heads refer  to the top of the pedestal 
and a11 dimensions re fe r  to the prototype, unless otherwise noted. 

1 /Hydraulic Laboratory Report No. HYD- 27 7, " ~ ~ d r a u l i c  Model 
Studies of the Stilling Well for the Blow-off Structure, Soap Lake 
(inverted) Siphon, Columbia Basin Project, I' by D. Colgate . 



Test Procedures 

In testing the structure, two separate procedures were used. The b 

first procedure COT s i s ted  of a test with the corner fillets and holding 
the design head ahd discharge constant. The depth was increased 
until a point was reached where-the high-energy flow ;was dissipated 
sufficiently to produce a smooth water surface in the well. The 
second procedure consisted of a ser ies  of tests without corner fil- 
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l6ts for various discrete well depths. F o r  'any *particular well dcpth 
the length of the downspout was varied to give model valve openings 
of 1 /4, l / 2 ,  314, 1, 1-112,- 2, and 3 inches. The flow was adjusted 
at each valve opening to give a smooth water. surface in the well. 
Then pressure readings 'were taken, from which the discharge and 
total head on the pedesta18could be determined. After a ser ies  of 
valve openings were tested, the well depth was changed and tes ts  
with the ser ies  of valve openings repeated. 

The effectiveness of the corner fillets was determined by compar- 
ing the results obtained from the two procedures. The height ofthe 
corner fillets from the floor was also changed in those tes ts  con- 
ducted ak the design head and discharge. 

Test Results 

The test results a re  presented in Figure 7 which is a plot of 

i t  d versus Q dK 

where d = depth of water in theke l l ,  measured from the top 
of the pedestal, in feet. 

$ = discharge, in cubic feet per  second. 

II = total head at the pedestal in feet. 

The points shown on the solid cur\@ (stilling well without corner 
fillets) a re  the root -mean-square values obtained from tests at 
various va1.ve settings. By using the method of least squares, the 
curve 

d+l 1 - O *  5506 - 0.03'74 ('I Q ~ =  0.5132-- 0.03744 Or- - d+l 

was found to be a good fit for  the e ~ ~ e ~ k m e n t a l d a t a f o r  35 <Q a 4 2 0 0 .  
. 
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A well was considered t d  be operating satisfactorily when the flow 
surface was relatively smooth a s  judged by the experimenter. 
Although this does not seem to be an accurate method of evaluation, 
consistant results are  obtained as  can be-seen from the smooth 

I 

curve in Figure 7. Acti~ally, the water surface was not smooth 
100 percent of the time. Occasionally, a surge of water would 
come from the well, causing the water surface to be didturbed in 
a local region (Figure 8A). a 

Height of Corner. Fillets 

In Specifications No. DC-4170, DrawingNo. 526-D-150, the corner 
fillets a re  shown 4 feet above the floor of the well (Figure 3). With 
the corner fillets placed at this elevation and with the pedestal and 
valve as designed, the flow in the model was very rough. The 
corner fillets were then moved down until the lower intersections 
of the fillets and the corners of the well were 18 inches above the 
floor. The flow with the fillets in this position became relatively 
smooth for  a prototype discharge of 16.7 cubic feet per second, a 
total head of 118 feet and a water depth of 9 . 3  f e e t  (Figure " 8 ~ ) .  
Therefore, it is recommended that the fillets be placed 18 inches 
from the well floor. 

,* - * 

WELL SIZE DETERMINATION 

Procedure 

In using Figure 7 for sizing other installations, the following pro- 
cedure is recommended: 

(1) Determine the gross cross-sectional a r ea  of the proposed 
well by limiting the average vertical velocity to  0 . 5  feet per  
second. (An average vertical velocity of 0.5 feet pe r  second 
will result in  a smooth water surface. If a rough water surface 
can be tolerated, the average vertical velocity may be increased 
to as  much a s  1 . 5  feet per  second.) 

(2) Find the scale factor between .theZwell'being considered and 
the Wanship Well by the following equation: 

b 

r' 0 

< .  

. 
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A. Downspout Adjustment Mechanism 

B. Downspout, Pedestal and Valve Support 

WANSHIP DAM 
VERTICAL STILLING WELL 

Downspout Adjustment and Valve Support 
1:2 Scale Model 





Figur 
Repol 

A. Water depth from top of pedestal = 10.2 ft. 
Note surge on smooth water surface. 

- ,  

B. Water depth from top of pedestal = 9 . 3  ft. 
(Recommended) 

WANSHIP DAM 
VERTICAL STILLING WELLS 2 

low in Wells With Corner Fillets --Excessive & Recommended Dept 
'otal Head = 118 feet, Discharge = 16.7 cfs, Fillets 18" from wellflo 

1: 2 Scale Model .- 
0 -  

hs 
or. 


